---Abstractc l u s t e r s o f general formula [Ni12(CO), (p12-E)]'-, where E i s e i t h e r a d i f f e r e n t t r a n s i t i o n metal atom o r a main group element o f s u i t a b l e size, l e d t o i s o l a t i o n and c h a r a c t e r i z a t i o n o f a s e r i e s o f new n i c k e l carbonyl c l u s t e r s c o n t a i n i n g up t o 44 metal atoms. Those c o n t a i n i n g main group elements, although n o t necessarily as i n t e r s t i t i a l atoms, systemazically show icosahearal geometries, whereas those i n v o l v i n g d i f f e r e n t t r a n s i t i o n metals as heteroatoms i n v a r i a b l y present metal frameworks r e l a t e d t o c l ose-packed metal l a t t i c e s . These s t r u c t u r a l d i f f e r e n c e s are o f t e n t o ascribe t o a s u b t l e i n t e r p l a y o f e l e c t r o n i c and s t e r i c f a c t o r s .
Systematic e f f o r t s t o synthesize i n t e r s t i t i a l tridecanuclear
Calculations on bare metal c l u s t e r s s y s t e m a t i c a l l y show t h a t t h e most favorable geometries f o r an aggregate o f twelve and t h i r t e e n metal atoms r e s p e c t i v e l y are t h e non-centered ana the centered icosahedron ( r e f . 1); Frameworks r e l a t e d co t h e metal close-packed l a t t i c e s should become more favorable o n l y w i t h much higher n u c l e a r i t i e s o f t h e metal aggregates. Indeed, pseudo-alkaline metals such as gold and s i l v e r g i v e r i s e t o homo-metallic g o l d and b i -m e t a l l i c s i l v e r -g o l d incomplete (e.g. i!-u9L8]'+ ( r e f . 21 and hU11L713 ( r e f . 311, o r cencereu \e.g. iAu13L10C1213+
( r e f . 4 ) ) , o r mono-,bi-and t r i -d i m e n s i o n a l l y conaensea icosaheara such as aocumenteo by t h e o l e c u l a r c l u s t e r s whose geometries i n v a r i a b l y are basea on e i t h e r spectacular s e r i e s o f compounds i s o l a t e d ana characrerizea by Teo ( r e f . 5-81 (e.g. [Ag12Hu13-L12C16]mt, [Ag19Au18L12Br11]2t and Ag20Au18L12C114) and Schmid ( r e f . 9,101. I n t h e f i e l d o f t r a n s i t i o n meral carbonyl c l u s t e r s t h e s i t u a t i o n i s l e s s s t r a i g h t f o r w a r a : thus, t h e overwhelming m a j o r i t y o f t h e highly-condensed h i g h -n u c l e a r i t y c l u s t e r s u i s p l a y s met a l frames r e l a t e d e i t h e r t o t h e hexagonal o r t h e face-centered cubic close packing ( r e f . 11. 12). The o n l y notable exceptions are [Rh12Sb(C0)27]3-( r e f . 13) and [ P~, , ( C O ) Z~]~-( r e f . 141, which d i s p l a y pseudo C5 symmetry; however, w h i l e t h e metal framework o f t h e former c o n s i s t s i n a very d i s t o r t e d icosahedron centerea by t h e unique antimony atom, t h e metal geometry o f t h e l a t t e r may be described as d e r i v i n g from two i n t e r p e n e c r a t i n g bicapped pentagonal prisms. The o n l y other reported examples o f icosahedral carbonyl c l u s t e r s are t h e non-centered [Nil~(Asile)2(CO)!d]2-and [Nig(AsPhj3iC0)15I3-( r e f . 151, i n which r e s p e c t i v e l y two ana t h r e e v e r t i c e s o f t h e icosahedron are c o n s t i t u t e d by AsR moieties.
lrlost o f t h e c l u s t e r bonding t h e o r i e s agree i n i n d i c a t i n g 170 valence electrons as necessary i n order t o s t a b i l i z e both a centered and a non-centerea doaecanuclear polyhedron, regaraless o f i t s icosahearal, cuboctahedral o r anticuboccahedral geometry ( r e f . 16-19). Therefore, t h e f a c t o r s d r i v i n g t h e metal aggregate t o t h e choice o f one o f t h e above frameworks are r a t h e r i l l -d e f i n e d . I n t h e attempt t o gain some b e t t e r understanding o f t h i s problem, we have undertaken systematic e f f o r t s t o synthesize tridecanuclear carbonyl c l u s t e r s o f general formula [ N i l z (~1 2 -E ) ( C O ) n ] Z " . The main reason f o r t h e above choice stems from t h e f o l l o w i n g consider a t i o n s : first o f a l l , i t has been r e p o r t e d t h a t t h e condensation o f two [Ni6(CO)1z]2-u n i t s gives r i s e t o t h e dodecanuclear [Ni12(C0)21H4-n]n-(n=2,3,4) c l u s t e r s ( r e f . 20,211, whose geometry i s based on che 3,6,3-D3h stack o f n i c k e l atoms schematically represented i n Figure l a . I t appearea conceivable t h a r The c e n t r a l N i b t r i a n g l e o f frequency 2 could f o r m a l l y d e r ive from collapse o f a c e n t r a l i I i 6 hexagon such as presenc i n t h e icosaheural, cuooctahearal and anticuboctahedral polyheara, r e s p e c t i v e l y shown i n F i g . lb-d; r n e d r i v i n g f o r c e f o r t h i s transformation could o r i g i n a t e from t h e Tendency o f the metal aggregate t o achieve t h e highest possible metal conneccivicy, being nor hinoereu by t h e s t e r i c request o f che carbonyl Table 1 , together w i t h prev i o u s l y known species already r e p o r t e d i n t h e l i t e r a w r e .
-moieties i n c o n d i t i o n s s u i t a b l e t o g i v e r i s e t o i n t e rs t i t i a l d e r i v a t i v e s o f general formula [Ni12(~12-E)(CO)n]Z-, where t h e heteroatom E i s e i t h e r a d i f f e r e n t t r a n s i t i o n metal o r a main group element o f s u i t a b l e s i z e w i t h t h e purpose t o t e s t t h e i r e f f e c t on c l u s t e r geometry. As a r e s u l t o f t h i s i n v e s t i g a t i o n , we have i s o l a t e d

TABLE 1. Nickel carbonyl c l u s t e r s c o n t a i n i n g a d i f f e r e n t t r a n s i t i o n metal atom o r a main group element ( o t h e r than carbon) as i n t e r s t i t i a l o r p s e u d o -i n t e r s t i t i a l atom E = t r a n s i t i o n metal
E=mai n group element 3- As shown teroatom ~ i n Table 1 , no tridecanuclear c l u s t e r c o n t a i n i n g a d i f f e r e n t t r a n s i t i o n metal as hehas y e t been i s o l a t e d ; i n s p i t e o f t h a t , a s i g n i f i c a n t t r e n d seems t o emerge. A l l t h e compounas c o l l e c t e d i n t h e l e f t column of Table 1 , which o n l y i n v o l v e t r a n s i t i o n metals, g e n e r a l l y show metal frameworks r e l a t e d t o c l o s e packed metal l a t t i c e s . I n p a r t i c u l a r , t h e [Ni12-xPt,(CO)21H4-n]nd e r i v a t i v e s adopt t h e metal geometry represented i n F i g . l a , whereas t h e [ 1 h~I r~( C 0 )~~]~-c l u s t e r represents a fragment o f t h e above polyhedron, being based on a 3,3,3 stack o f atoms w i t h t h e t h r e e i r i d i u m atoms a l l o c a t e d a t t h e v e r t i c e s o f t h e c e n t r a l t r i a n g l e . The s t r u c t u r e s of t h e "i3 ~t 4 (~0 ) 4 4 1 6 -and [l~i38Pt6(C0)48H6_nln-(n=4,5,6) c l us t e r s are model s o f t h e so-cal 1 ed " c t e r r y c r y s t a l 1 i t e s " ( r e f . 31 r e s p e c t i v e l y d e r i v i n g from an incomplete Ni36 tetrahedron o f frequency 5 and a complete N i 3~ octahedron o f frequency 3 encapsulating a platinum k e r n e l , Table 1 , and c o n t a i n i n g main group elements as heteroatoms, i n v a r i a b l y present metal frameworks d i s p l a y i n g pseudo C5 symmetry. Thus, both t h e [Ni12Ge(C0)22l2-and [Ni12(CO)22J2-dianions show s l i g h t l y d i s t o r t e d icosahedral arrangements o f twelve n i c k e l atoms i n t e r s t i t i a l l y lodging t n e unique germanium and t i n atoms, as schematically shown i n F i g . l b ; accordingly t h e [Ni,0Ge(C0)2~]2-c l u s t e r presents a pentagonal a n t i p r i s m a t i c geometry which f o r m a l l y and chemically derives from t h e above polyhedron by l o s s o f two opposite v e r t i c e s . A p o s s i b l e e x p l a i n a t i o n f o r t h e choice o f an icosahedral geometry by [Rh12Sb(CO)27]3-, r a t h e r than t h e anticuboctahedral packing choosen by [Rh13(CO)24H4-nln-, has been r e c e n t l y suggested by Mingos on t h e basis o f EHMO calcul a t i o n s on a Rh13H36 model ( r e f . 19); t h i s also a p p l i e s t o t h e above d e r i v a t i v e s .
2-
I n c o n t r a s t t h e n i c k e l c l u s t e r s c o l l e c t e d i n t h e r i g h t s i d e o f
Also t h e [Ni13Sb2(C0)24ln-(n=2,3,4) c l u s t e r s c o n t a i n icosahedral moieties: a t d i f f e r e n c e w i t h those p r e v i o u s l y described, these c o n s i s t o f Ni10Sb2 icosahedra encapsulating an unique n i c k e l atom. The f a i l u r e i n encapsulating t h e antimony atom, which has a s i z e comparable t o t h a t o f t i n , i s probably t o ascribe t o i t s greater e l e c t r o n e g a t i v i t y which c o n t r a s t s a i v e , t h e major d i f f e r e n c e being t h e absence i n t h e l a t t e r o f an i n t e r s t i t i a l n i c k e l atom. Once one consiaers t h e i n t e r s t i t i a l atom simply as a source o f valence electrons, whicn i s common p r a c t i c e i n most c l u s t e r bonding theories, t h e ili-Sb spec i e s cessary f o r an icosahedral c l u s t e r . Nevertheless, they show completely normal PI-14 i n t e r ac t i o n s and, moreover, t h e i n d i v i d u a l molecular paramezers are b a r e l y a f f e c t e d by t h e change i n t h e number o f valence electrons,as shown by a comparison between t h e s t r u c t u r e o f t h e a iand t r i -a n i o n . A f u r t h e r h i n t t h a t tridecanuclear carbonyl c l u s t e r s could accomodate more than 170 valence e l e c t r o n s stems from t h e r e s u l t s o f t h e r e a c t i o n o f carbon monoxide w i t h a quadrupol mass selected Ni13' molecular beam ( r e f . 34). Indeed, these unexpectedly showed formation o f Ni13(COl21' and Ni13(C0)22' ions which had r e s p e c t i v e l y 2 and 4 valence e l e c t r ons i n excess w i t h respect t o t h e more abundant e l e c t r o n -p r e c i s e Ni13(CO)2ot i o n . Even i f t h e s t r u c t u r e o f these i o n s i s unknown, t h e i r observation and, above a l l , t h e s t r u c t u r e s o f t h e Ni-Sb c l u s t e r s seem t o imply t h a t a t l e a s t i n an icosahearal c l u s t e r t h e r e are a v a i l a b l e low l y i n g c l u s t e r o r b i t a l s which may become c l u s t e r valence o r b i t a l s depending on t h e nature o f t h e i n t e r s t i t i a l atom.
!!-c o n t a i n from 8 t o 10 valence electrons i n excess w i t h respect t o t h e number thought neAlthough a t t h i s stage i t i s r a t h e r unsafe t o t r y t o draw conclusions, p a r t i c u l a r l y i n view o f our f a i l u r e i n synthesizing a wider s e t of c l u s t e r s belonging t o t h e s t r u c t u r a l archetypes o f Fig. 1c-d , i t appears reasonable t o suggest t h a t d i f f e r e n t conbination o f e l e c t r o n i c and s t e r i c f a c t o r s operating i n t h e i n s i d e o r a t t h e surface o f t h e m e t a l l i c core can e x p l a i n t h e r e s u l t s so f a r a v a i l a b l e . However, t h e i n t e r p l a y between these f a c t o r s o f t e n appears so s u b t l e and unpredictable t o g r e a t l y hamper c l u s t e r design.
